Abstract. In order to further improve the frequency estimation precision under high dynamic, the frequency estimation method based on Kalman filter is studied. Two methods of Kalman filter directly using for frequency estimation are studied, taking the phase of echo signal and the echo signal for measurements, which adopt nonlinear and linear Kalman filtering algorithm to estimate the Doppler frequency. Based on the study of performance of these two methods, the Doppler adaptability of the two methods is studied. The simulation results show that the speed precision is improved. But, the two methods of this research are limited by the fixed frequency conversion, and when Doppler changed a large range, the filtering is easy to diverge.
Introduction
LEO satellite flight dynamics complicated, speed and all derivative values are large, so it belongs to frequency estimation problem under high dynamic condition. Phaselocked loop is the most commonly used in satellite signal processing frequency estimation method [1] [2] [3] [4] , but under high dynamic conditions it requires using higher-order loop, which cause stability problems. Kalman filter is an optimal estimation method, with excellent performance and noise filtering characteristics predict [5, 6] . In order to further improve the high frequency dynamic state estimation accuracy, this paper focus on the frequency estimation method based on Kalman Filter.
Kalman Filter
Kalman filter is a recursive process, the current estimate of the time and past time-related and affects an estimated value of future time. Discrete linear system model is [7] :
, 1 k k Φ is a state deviation transition matrix, k H is measurement matrix, which represents the relationship between the amount of measurement and status. , 1 k k Γ is System noise driving matrix, and the statistical characteristics of the system noise k W and measurement noise k V is:
The statistical characteristics of initial state 0 X is :
So the basic process of Kalman filter is as follows:
Step1: Calculation step prediction of mean square error matrix.
Step 2: Calculation state step prediction.
Step4: Calculation mean square error matrix of filter.
Step5: Calculation Status filter value.
Step1 and step 2 push the time from k-1 moment to k moment, so it is called time update process; step 3,4,5 using the observed quantity on time to update the value, so it is called measurement update process.
Phase Locked LOOP(PLL) and Kalman FILter(KF)
Kalman filter's time update equation and measurement update equations are:
Combined type two, then:
In order to facilitate the derivation of transfer function, neglect the system noise and the measurement noise matrix. Fig.1 is the recursive process of the formula (14). 
The recursive process is converted into the structure diagram of the algorithm shown in Fig.2 , and the delay module 1 z in the loop is the estimate of the current time prediction, and the module k+1 in Fig.1 is corresponding to the step estimate [8, 9] .
The overall structure of the Fig.2 and PLL is very similar, compared with the transfer function of PLL and KF, Part A is equivalent to the phase detector, Part B is in similar to the PLL loop filter and Part C is equivalent to the NCO in PLL.
Kalman frequency measurement
Through the study of the last section, the estimation accuracy of the Kalman filter and the SNR threshold are better than the PLL. In this section, the method of estimating the frequency of Kalman filter is studied directly. According to the difference of measurement, it is divided into two methods. First method is a EKF filter without phase detection, and the measurement is the signal itself. Second method is a KF filtering with the phase detector, and measurement is the phase of the phase detector output.
EKF method without phase detector
Principle block diagram as shown in Fig. 3 , intermediate frequency (IF) signal is mixed and shifted to the baseband. Then feed into the Kalman filter after resample. Because of the nonlinear relationship between the measurement and the phase, EKF algorithm is used. The CIC extractor and the low-pass filter generate different amplitude gain for different frequency offset signal, and the difference is large. So the amplitude of the state vector is increased, and the five order EKF is formed. State vector is:
A is signal amplitude, T is the phase, and the status transfer matrix is [10] :
And the Measurement matrix is:
In order to validate the algorithm, the signal of 70dBHz and 50dBHz is simulated, as shown in Fig.4 
N is the signal points, SNR is the known SNR. The comparison between the amplitude and the theoretical value is shown in Fig.4 and Fig.5 . 
KF method with phase detector
In the last section, using EKF algorithm, the nonlinear error is introduced in the process of model linearization, and the total estimation error of the nonlinear error in high SNR can be large. In order to avoid nonlinear error introduced by the linearization of the nonlinear model, with the linear variation of the phase measurements, using a linear KF algorithm, as shown in Fig.6 , with the aid of phase detecting is studied. The method shown in Fig.7 can better solve the filtering instability caused by the measurement of the amount of the measurement, and not only recover the carrier phase accurately and estimate the residual Doppler frequency accurately. 
T is the delay of the filter is introduced. 
Frequency Estimation performanc analysis
After mixing and filter the double frequency:
The size of A is caused by CIC extraction filter gain
After the arctangent :
the noise sequencey translated by ( ) ( )
( ) y n t , the variance is 2 y V ,when:
I t as measurement, and KF method use ( ) y t as measurement. In order to facilitate the input of the two methods, ( ) I t will be normalized as: 
Compared the accuracy of the estimation of the two methods, the simulation results are shown in Fig.11 . Fig.11(a) . Average error of frequency estimation under different SNR. Fig.11(b) . The root mean square error of frequency estimation under different SNR Fig.11 shows that the EKF method of a SNR threshold is lower than that of the KF method, which is because the periodic mutation of the measurement has more influence on the algorithm under the low SNR, resulting in the divergence of the algorithm. However, when the SNR threshold is above, KF method, the accuracy is higher than that of the EKF method. Therefore, the two methods of this research are limited by the fixed frequency conversion, and when Doppler changed a large range, the filtering is easy to diverge. If the closed-loop structure of PLL is introduced, the residual Doppler frequency after the frequency conversion is maintained at the appropriate interval, and the above divergence can be avoided. 
Conclusions

